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Abstract

‘J’hc Defense NLIclcar  AgcrIcy (l)NA) lI:I\ iic(l IIIIcd  1(.IabyIcs  of \Fiil  LIa!)lc  (liII;t wlIich  need to bc arc]] ivccl
afd c. ffcc[ivcly  and c. fficicntly  distril)~llu{l  It) t~tc  (’ri’, IL’ nllclc[it  wLa]mf  Is cf I’(”(is Cw]nmuni[y and olhm.
NASA’s Jet l’mpulsicm  l.dmratory  (.ll’1. ) is dI\(loIIIrig  [11(: I Mta Alcl]i\r;ll  aIILl l<clricva]  Ikhancclncnt
(IIARli) systcm fol l)NA to ciclivcr  illfol ]Ila{i)]l to 1 )~])iil[l)l~t)t of lkfliIw  ( 1 h])) and i[s contractors via
electronic rc]mtc  access. The DAR] i SYSI (III II( ] Ii[( I.IUN is I)ascd on a c1 i(l II. sc.lvc.r  nmcicl implclllcrltcd
using [k ‘I’Cl>/l  l), 11’1’’1’1]  and WAIS  ])101(),1.Il\ ‘1 II( ~~illat  of tl]is drctiitcc[u[(  is ifs mctadata  model. With
this model, the architecture offers vcJ salil]l) :11(I c).[1.llld:[l)ili(y  to ill[cj  f“a(c  II)Itl I aI)y type. of (iatabasc  or
wcb i[dcxing  applications. ‘1’his  papcl dc~.i  it!:: (1K lJA1<I’ ]Imtadala lJKNIC1 ;titd explains how it is used
as a source for gc.ncrating  1 lypc.r’l’cxt  hfi:il Lull 1.)li~i  l;~g,c (,} I’I’MJ ) 01”  ,SIa II(la ICl GcIlc,laliz,cd  Mark LIp
1,aI]~ua~c  (S{iM 1.) d~cl]]]]cl~ts  for aCLC\~ il]J [~ ]j’1) \’ ( !) bl ()\\IsPIs s11(.1) i~s Nt.i\l.iil)~.
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lntrdllction

1. 1( lla[ldlCS  multimedia - dOCl]l))cl It, ]lllt)t~,  IIlttli(’ric  CIitlii, viilco, Cit.
2. C)ncc  data is indexed, it has a fml aII(! u.cJ fl Itldly il]lcrfa((’..
3. 1( is sin]plc  to learn, USC, and i]~]]~l(j]lr]]:
4. It SUj)pOI(S C.IOSS  linking, simulatill[’,  ii )( lilliol,,ll dat:Il)[I\c  II IO(lCI.
5. It is easy {0 p;irsc, manipu]atc,  :ifld  \:ili(i,  i.11..

6. It is open, so that it could bc ca(ilj  l(hid.  d IIIlk~ a IJI{,NS lattI,
7. 1~ protce.ts dat;l by allowing a(X’tsi 10 (lllly (j\l.l]fic(i IISI.JS.

We. also atioptcci the ‘I’CP/l P, 1 I’I’’J’l’, aIId M7Al $ [ML): I.WIS fol I hc lMWS of I IN 1 JA Rli systcnl,  bccausc
the. Wi(ic. Area information Serve.rs (WAIS) S(, II (II ri ~’,it]c  ;III(i (IN. 1 lyl)cI’1  u>( ‘1’j:ltlsfcr  l’rotoco] (11’I’’I’P)
satisfied tile. above rcquircmcnts assulllill]’  Iil;il  lllL’IL 1’; a 1~’ii:ll)lc  lllCt[l(lillil lIio(.icl.  ‘IIC Ino(icl is l)ad  011

AS(YI rcprcscnta{imls since WAIS c:ir)’1  II I(i(a I)]II:LI \ ]c.j)]l’s(ltt;ltiolls.

“1’hC  l’OllablC  l>;lta  S]mcification (1’1)S) ]~lII\ i(i( ‘i ii C(llt lpl(:Xity  of lllCIaIClli(’ill  ol)jrc(s;  however, trc.sting
nlctadata  as an object gave us an easy \\’;Iy I(I II, II JLII{’ [ii ffc]cr]l t ylx’s of ci;l[o  1 ‘(}I example, a (iocumcnt
objcci  slIould  carry a kcywor(i  dc.scfi[)ill[~  tliirtil~(’:  of ~).i~,cs  ~i’l]ilc  ;I ~)11(11()  (Jl)I(~( slIc)LIld  have. a k e y w o r d
to dcscribc  [he color  of the photo. ‘1’1111~,  ttc (It’{ i(i,(i  1,1 ado])l ltIc 1’1 )S \4i(l) :1]~11[  c)]) I isle. n]odiflcations  for
the World Wide. Wcb (WWW) scrvcl cl}i’i(~)ll]~l(~ll.  hlost  of (tic lll(dlficatioll~  i[lv(~lvcd silnplifying  the
objcc( structure, developing ncw objc.c[~  i(~] JIIIIIII III. ii~t, aII(i s(]l)[)or(illp,  s}’sLtIII  lc(luircmci](s.  lior
example, since the l)ARI{ sys[cm is lxl~rd (hi 1 i 1’ i’f), ~~rc IIt”c[i~’d a IK-W st’t [It’ Lcyutm]s to accon~modatc
hypcr[cx(  linking an(i (iircct access to [i(il[l I ‘L) I i IILI, \ II ICC liI(. sr [ia(ii aIC  \FCI }’ s~,lisi(i;fc.,  the.rc need 10 l)C

kcywmxis to identify the sensitivity of [il(: (iit;l IrIi ((I lIIo[ccI  it

‘l”hc f lAR1i mc.fa(iata Ij/o[lcI consists of I’(wt L IL 11~~.  [It ~. 1):1[:1 I)icti<):l:lly, l)ilt~tory,  (;l]idc, and
lnvmtorics.  II) this paper, WC will CXj)lili Il lILIV$ llI(y iull~.lac[  u’lth cucll f){llc] :Iil[i ilolv t]]cy arc tied to thC



data arc interacting with each otl]cJ i[t ol~i(l  to d{lit~[  inforlll:iti(~rl  10 ili l]~cl~
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The Portable Data Spccif’i(*al  ion (1’11S) SlaI]diird

“1’hc  1’1)S standard rcc]uires  a label fo] carll ill I I\IdWI dalil  ]IItxluc[.  [ 1 ] ‘1’II(S( Iabcls arc writ[cn  in 01>1.
ard  use a slandard  sc.t of objcd  dcfil)i!i(.)]]s,  1.( \’\vO1ti.,,  i 111(1  St/l Il(ii\l(l  \’i{l LICS iol ltlCSC  kCy\VOI’d  S. “1’llCSC

object (icfiai(ions,  keywords, aml stal]dalfi \ iI ll.l(’)  :UL dcfIIIc(l  in [Ilc lhtd 1 )itliol]:ily  which is also
wrlt[cn  in O] )1,.

l’hc 1’1)S stan(iard  requires ti distinc[  (Iillil  111() IIIL.( l. IIIcl 1’(11  (’ilCll  il](!ividu(]l  (ilt;i I)lo(iuc(  in or(icr  to
clcscribc the 01g:ltli7.:lti[J1l, forlnat, colllcllt  ;tll(i L]II:{I:  \ of LL:lcll  (Iiilil  ]Il(xlllrl.  ‘1’llcsc labels arc
implcmcmtcd  as cic.tacllcd  labc]s,  wliicll il]ll)li(  , [} IiIl Illc l:ltxl 1s (i[ti~ull~’d  l’lt~ltl  its data and resides ill a
separate file which lmints  to the dala ]IIocl~Icl,

IJabcls consist of a set of keywords and \’ul LIC. sui)i I,I[cd IIV ,Ir I c(lu:Il  sij’,tl liL’y\\’orcis  arc Composc(l  of
descriptor wol-ds (which clcscribc wli:Il is 1)~.il~’, ~il(..ulc(i 01 ]IrcstI]tc(l  ill ltl~ l’;lluc  field) and class
words. Keyword name.s arc constrilc(t’(i  IIslll{!  [Iiisc \ ()]nlm]~~l]ts  lr(}]]] Iuf( to J 1{{111,  from Illost specific
(the Icf(most co]llpol]cnt)  [0 most g,cr]cli(  t,[lic 1 i},l]tl  I lost ut)]ll]mliunt),  ( ‘la~s \\ OJ(lS conllH  isc the right



ttlost  component  in a keyword n:i]]Ic.. ‘I’l IL’ cl~I~, tioI I i idclltlflcs tltc basic illiol I])alion (ypc of’ tllc da[a,
w]~c~c  jnf~rll~:l[jon  [y]~c, inc lude bolll (IIL: (1.llii  [\’j K’ ( lllllllC1iL’, (lIaI,  Ic[cI, lo~,I(  (1]) :tIId a sim constraint. [ 1]
liw cxamp]c,  in (11c kcywm-d  lNSrl’l<(h41  N I “-1 }’1’i , lNS’f’l<Uhll~N’l’  is llIL (Icsclip(or word, and ‘1’Yf’l;
is the class word wllic.h  imp]ics lhal tbc val IIv. sIIOIIII.I 1)(: s[atidal[lizcd  aII(l  :Il)i)Iovcd  by I) A]<l;.

‘]’hc  usc of a limilcd  SC1 of class w[mis M’i11:

1. RCdllCC.  IIIC IICC.d fO1 USCIS  ~Iid (Iilld  ]}) t){t’:’,in’  sof(\ValL” 10 il(’UC.SS  i{ (i:llil dictionary tO parse,
intcrprc[,  qLICIy  or display valac~.

2. Add a grC:l~C.1  ]CVC1  Of S[rLIC(llK illl(] (’(~l!{il’.l(’l~ .’:)’ lo (]1(’ lloIll CJIC]illlllt’.

3. Gns(rain  tllc s e l e c t i o n  and USC’ of (1611:1 \’iil Ll(~>.

4. l>roll~otc  alltolllatcd  oI>cratiorls .\~l(l~:  \\\illl(lil}c  t~cckil1g.
5. ]’romo(c  the (icvc]opmcn[  of inl(lli{~~’111  iol Ill ,~c.

l’hc PI)S standard also provides rules iltld II;III IliI~~,  ( I II]vctlliolks  foi dala sc(s, (iata set collections, volume
names, file names, etc. 11 also defines Itlc J (Ilt: f{)l ( ,IIIISt I (I(tillg  ol)iccl  an(i kcYwoId  nan)cs.  ‘1’hc purpose
of establishing a s[an(iard syntax is to (rt.;l[(.  :11] I,[lvl Ionil]c]]t WIICJC  a ll(lrl)lxl  of illdividua]s  working
indcpcndcnt]y  arc likely to SclCCt Ilic i(!Cllli(’ill  L{yv  (Ild lIarnL”.  fol ~lIc. sail  I(’ (iil(tl  i[c.in. “1’llis  CI’C;IICS

consistency (hrougllou(  the syslcln  an(i c(~i  ](li~i  I’(. ;Ill:llysis  is I)cl[cl  suI)j)OI i(~i.

The Ol)jcd IMlnition  Languayy

‘1’llc  01>1.  is a simple human rcadal)lc  lZIII{I(I:i~IL  1):(~ (1 01]  IIlc  (mn(.’cl)t of’ OII,I(([S  :111(I  “kcywo]d  = v a l u e ”

s[a[cmcn(s.  [  ] ]  ]ior cxanq)]c,  AIJ’1’I  1[)]< NAfil) ‘ “[)OC,  1(~]111  S.”, “J)uc, .I(): S.”}, ‘1’his  language i s
used bo(h to labc] diita products an(l (L) (.t)l I(,I iI1.(:11  Ii:ta  foI l(mdil]g, il]t~)  1 )AI<IE. ‘1’l~c  chactcr  set o f
01)1, is the ln[crna(ional  Standards ()] ~.aIIIY;III  i H ‘ S  I\() 610 [llariictcj  SC( [i, ( , IIlc ASC;l I clmraclcr  SCt).

AS~ll  labc]s can bc Ic.ad by users Casi]yj ]Ilo(i  lf”]~{{ 111) sill)p](  cdiiols,  aII(l  lJ;IISC(I  l)y l) AI<I1 tools.

IVMadata  Elements

‘1’hc mctada(a for the l)ata Dictionary, 1 )i)(~l(] \. ali I Gui(ic. larjy]y  col~<is(~  01 descriptive text. ‘1’hc
nlctadata  for a da(a product inc]udcs  all III(’ irll(~~  Iil:t ~oIi 111:11  is nc(xlcxl  to LIIi I(j IICIy identify, locate, and
cicscribc that particular product. Tllc II)(l;I(l;i[a  (s~.l~il(i I)c c:ilcforizcd  in[o {llt({  lll:ljor’ patls: [he
description of (1IC data, the format of IIIC &~IJ,  .: III(I tII, Clii\\ifl(;a[ioIl  Of II](’ (I,l[il, ‘1’JIC  description shOtlld
con(ain information such as author, )cvicit J1{JI(’L.$, of~,:illi/:lti(~l]s,  :111(1 (I:l[c it \!’ilS clc:itCCi.  ‘]’tlC  format
idcntif]cs what fornmt was used to aIcllI\c :~tl(i  t{) ]1, lw.sc]it Itlc. d;t(a [0 IIIU  lISLSI.  ‘J’l Ic [~lassification
dcscribcs  (}1c I)oIJ classification of [II( d;i(~~ 1 )~(iil(il (Icsutil)lions  will t)( ill[li(latcd in the la[cr  sections.

I:or most calcgorics of information (I)ilf’flol),  ( ;~{i(i,, )}i]wlll~)ric,})  Itl(’11”  ]~ i! S[illl(l[il’(1  SC( O f  rcquirc(i
dcscrip(ivc  keywords; these. catcgolics  01 illlo!  I] l:~tl IL art’ ol{’,alli~c(i  in[<) ~)l)i~uts,  1 )AR1;  provi(ic.s  an
empty Iabc], C:lllc(i  a tcl~lljl(llc  for cacij  J]):II[)I  III([)t II I;:[ioll  ( al(:gol v or ol)i((;l,  I’llis lcmpia[c  is jus( a lat)rl



that hasn’t  been filled out yet  which  colll:lills  (’i~(”ll  (~! [k :Ill(jwe(l  kcy~$’(jl~ls.  1’111  Illcr, the clcscriptions  of
allowc.ci  keywords ill each objccl al)d :Ill(lV)I(Xl  iJ;:lII(’ ~or u: IL’}1  kcywLII(i\  aI( s])rcilicd  in the  l)ata

l>ictionary.

I)atal)ictionary

The primary purpose of the I>ala I )icli[)l]al  y 1( to ;III lpJ lI)CIII1)CIS of (Ilc  l)NA (ollllnunity  [o bcncfil  f rom
s[an(talds  work ctonc  in the atca of da(:l ])I\KILIi I (its ! iptiolk.  It also SC] w’s af ,111 it]tcrfacc  agrccnlent
between llAl<li and data providers in or(itl ICI dtstI  Ijc cl:~tii ill lll~iforlll  uilys  uitil objcc[s  ancl keywords,
and also values. ‘1’o define an ol>jccl  fo] a SIN. ( IfIL {. II~ip,OIy  t: Ike.s a lot of JL.s(’::IC1)  and interactions with
the community. An object should convc>’ :1 fu (ILW I ;I)tioll of a fiivcll  c:t(c{’[~1  y with a define.d set of
keywords. “1’111]s, the sclcctcd keywolds sl)~)ulti  ct)IltIin tllc follou’in{’,  ]JJC)]JCI  ii(s:

1. ~lmtain all the information wtli~:}l  u\cIs (III S.:: IICII
2. once rctricvcd,  deliver infor[nat  ion wi(i I ]IILII[ dcscljplive  scn(cl  Iccs.
3. l)rovicte  information to the sys[(II)  ill 01 icl to l~lOCCS\  lIE ill fol’lniltioll”

‘1’hc basic rule of ii thumb  for sclcctil][’,  kc) WL)I 1.1. is !Il:i(, if a ~alm Jlc.cds  (u lx s[andardiz,cd or
COIIIIIIOIIly  scarchcd,  or t]scd by thC  S~St CII I sOI [\ ’,iil t , a kcyuord  is liccdcd.  AIIy other values should be
described in free text fields. ‘1’l~crcfor(’,  t})cw ( ~t)l~xt ~ iind kl.yvm(ls liav( [c) ~T,LI tt 1] ough Inany iterations
to achieve ttlis goal. Some keywords J{’qllil(’  \ ,Ililc\  If) tm stalldaldizcd;  ltlcsi ittc  called  standard valL]cs.
‘1’]lis  needs to I)c done in order for USCJS to s[’81i.’1  I J;:IIICS  ill a S1111])](’  aII(! 111]1101111  way. ~iOI’  cxalnp]c,  a

user waIIts  to sc.arct)  an organ i7,at iol] I Ian ](’ \lil II “1 J1{A” ()[ “l) NA. AlcxiIII(lI iii”. If [he value of tllc
keyword, Organization name, is “l~cf(]lsc N[]{ l(iil  !ijI,c.ncy” il’itt-][lul  ils a(IOJlyIl~,  tlc won’t be able to
find an entry. IIy specifying official o]~aIl)/,l(lL)JI  II: II IICS it} tllc l)JIa l)ic(io]lil[), (tlC llSCI” Call  look 11P ttlC

lhta IIictionary for its correct spcllillf: atlci Ill 1 i~.\x I IIC dcsil~’d  d~~(:i
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iJ1(”’lA, 1:11<1 llAIJ/, . .. for ill[i.vtralicm

Tile  IJala  l)iclion:lry  is Constantly lno(liflc<l  l{ ;II 1(1 I.(w ot)jc.(LS,  k(’ywol(l<  illlii \’iil(lcs.  ~ o m c . t i m e s
c h a n g e s  1 0  ttm.  IIata IXcticmary  rc(luilt  uj)(l;ltihp  rAI  ~linp,  lotxls ill tlIc sjfslr  III. ‘1’llis caI)  lx a [imc
cxmsunlil)~  I) Ioccss. Unless tlmrc is a \ICI J II II IIL)I I; III ‘ l(”.aso  II 10 cl I: II IjI,(’  111( ’111, (’xisling  objects, keywords,



.

The rclalionsllip  bctwccn  the data an(l CV(IJfllHtI:T (1 t: catl Iw (w[l]plcx.  lti a(l(i ilion,  data sc[s many bc
gmuJxxl togc(]lcr  into ]argcr entities 10 Scl \ c a 1):11 [I( k iar Suiclltifi(  o[)jcxtiv{ ‘J’l Ius, an alchivc data set is
defined as the accunlulation  of data ]M(xi{IL  1~, .{ll)l)i( II)cn LLii  (iilta,  so f[wa I(’, aIi(. i (ioc\llllclll:iliO1],” Iha(  will

CC)lIIP]C(C]Y  dOC1llllCIll  and  SUpJ)Of(  []IC 11<(’  t~l’  (1~(~’.(”  <i II:t ])lL)L1lI(’(S.  A (Izllil  SC( (’:111 IX palt Of all Ot]lCI d:l[:l
set. A silnplcr  vcrsim)  of a data  set COLIICI  1). :1 .l[,. (t[ll~. Ht COll((.  ti(JII  flolll  s(lttt(’orte’s  file cabind,  for

instance.

lksidcs other l)ircctory  keywords, “I’I’I’1 ,1, JII IIK I )il ccto] y ollicd is tllc  kcy to (iv all the objects (hat arc
Iclatcd to this da(a set cicscribcd  by th( 1 )ir~ctt)ly AI c.ac]l ol)jcwl  sllarcs tll; S:IIOC value for-
TllI113~’i’(lI{  Y..’I’l’l’l Ii, (hc I)AI<I; sof[ur;tl[’ {.WI I)uil i a Ii]tk ll~:tw~cl[  a 11 IIIC IclaIc(l objccls  and “J’J’1’I  .Ii
from a l)irc.ctory  entry.

r— —— .———. ._ _  - — -  . .  — — .  — —  . — —  - . . .

lo..__._ . . . . . . . _____________  -.OI)JI’CT = I)lRI:C’J’ORY— —--— —.-— ——— . . .  .
Olhr IJiredory  keywords Pl14.v——.- . . . . .lprrLlj:._._ ____ ~==__- . . . . . ~“Tl]is  is a test title for a dat[l LxIilLx(I~)II_..

IIEND. OJIJJXI’  = l~IRECTORY—— .-. —  ..—

I!!2Y!L===-.=.-.:==::  --
Y’JGUJ<lC 3. l)ircctory  1.abcl

I
:1

(\’)’q

Gllk]c

Guide cnttics dcscribc tbc domain  of Iturltii[ \I’1.i]l(llls  cflcu[\ tcsl itlf, (C.!,., ])l)cnomena,  test mc(hods,
operations, c\mnts,  facilities, organintiolls.  (I[ 1:1 sy:>’(ins, c[c. ). ‘1’llis  illfol Ili:tlioll  can bc very hc]pful  for
someone who hfis little. knowlcctgc  aboill  tiLl[ll:iI W( ;II)OIIS cfl’cct~ lcslil]~,.  (;~iidc.  entries fall into several
categoric.s such as l~VJ;NrJ’_NAMIi, 1’111 iNohll  ~},. NAM], OI<GAN  17, A’I’10N’.  NAh41~,  etc. ‘1’hcsc
kCyW~IdS arc :ilso ill tlic ol~jccts. ‘1’lK I)Al<] s.~f[uI:i  C(~]ll]>i{]cs ~ilc  stall(i:ll~l  values for tl~csc kCyWOrdS
in each object with [I]c values in tbc (iui~it cl] ,i.\. Ii it flll(is illc  Iimlcllin{!, \’ill(lC,  it then builds  a link (0
the Guicic ctltry and allow users to accc. s\ [1)(. IIllt)lili.ltioll. ‘1’11[s  ])ioccss lllil~]l~s  a Iclafional  data
manager. information is s[orcct  in tk (ill i(~(. i I I[i o[t Ii-t dat;l  (tltrit”s  access  this information llIrougb

dynamic  ]il]kS CfCatCd by the DARI; Sof[l$’dll’. ) 11’LII(’ 4 is a l?picol cxalJJI)lc  of a (iuidc ]abcl.
——

p ‘-” “.. :::
.— -_..— — ..— —.

OBJIX:’1’ = GIJJD;~ .— ~.=l,, . ..-:. ., ., ,=... c ., 7–— .,. , .,- .–-—a ___
Other  <;14idc keywords  1’114.7

. .——.. ——

— ~ .:=_. -  ,:  .. , ,, __,.  ..=. ,., .
ORGANIXA’1’JON.  NAhll 1’111 NOhlliNA..NAh4li,  T.S’I’: ‘l’~;i’l!,

Onc of the ‘I’l;S’I’-.Mll’IIO  1)1). ‘1’YJ’I  :, 1.(K’A’I’1ON. II), I; A(’ll ,1’I’Y.  NAh41i,
G~]i(ic Category ()] ’]i}{A3’10N_NAA4]  1, I L\7 I :P! ‘J NAh41;, liXI’l  Xlh’II; N’J’,  NAMli,
Kcywor(ls SIiNSOl<__NAMl{,  INS 11<1 lhll Rt’_TYI’1:,  TA1<GIH’.  NAMI:> ‘J’Al<C;I;l’..”YIY1  ~,~,

ARC1l IVE CJiN’1’J H<. NA ‘,11, 1 },1’I’A. SYS’1’l  Ihf _ NAhdl :

F... _..___.. --------------- : ~~ . . . . . ~ ____ . . . . . . . . . .._

.  .—— .
BROWSE l;J1.l;_  NAM1i  = “test.lltn~’r

—

. . . ..~ ~. .,==, _== , ,:
_..

liNI)_  OIIJIKT =: (lUII)li—----—. -.. — —3-— —-—.— =, .$ .,. =..=  ..==
I;NIJ

3 --..:. . .=— . -=.-=-====

.——_—: ——. ._— =—. . .
liJGLJl?lC  4 .  Guide l.abd ‘- -

liO1 cxanlpk,  if 0]{ GAN17,A1’]ON  NAh’lt, ~ “I kf[IIsc  Nllclcar Af,c]]cy (I)NA) (Alexandria, VA)”, any



objects whicl) shm this value for (.)l<(; fli RJ/, ~\ ’l’lo’\!.  h’AMt. will I)c Iinko{i lo ttlis (iuidc entry. Once i[
is linked, (I1c. dc[ailcd  dcscril)tions  of IIIC till[]~ \I. J] I ~M: s(olc{i in )1’ f’h41,  (01111,11, ‘1 1]]s file is pointul (o b y

[hc BROWS]{  }ill,li  NAM]; ValUC.

Mctad;ita  IIIO(IC]S tl];it had [0 SII]J]IOI[ C(jlll’lil[]  , c \L].‘ I)cc. ILosullcd ill co][)])lcx  li]odc]s.  ]ior example, an
instrument nwdc] could incluclc  conll]]cx JL’1:11  i~)lIslIIj)s br(iv({’n  ( fulls. IILIIIIl~.*1  of cxpcrimcnts in an
event, measured pzilamctms,  and physi(al t(ltl II H~IIL>IIl S of tlIc ins[[ LIIn(v I1. 1 lIIj?l Ics [4] Wc realized that
there is much more interest in mctaciala  111:11 s! Ij);)li(  I i (icfaile(l  pr(kcssi])g  irll{)l  llla[icm  01 reviews, much
of whkh  was lost trying  10 fl( the data IIlt(l ii 11x!.  d 1111. KIc I M’1111  [IIC lICII) (I( III(. WAIS fu]l-lcxt in(icxing
capability, wc were able to Slll>])]y  bcllcl  l(}.ll(ll  (Ic5.I ipliol]s ;In(i 10 of ill a S(’ilJ’Cll capability on Ihosc
chxcriptions.  ‘1’bus, I]lc mctada[a fol al) lt]l  LIIl[)J, t’ LI\L$ a Ii]irlilnal SCI of” krywt)ld~  to dcscribc  dala  and
storm tcxtLla]  descriptions in either hl( )’] i L (IJ I 1] $Lf<]]’’l’]( )]~ kc} Wolcis.

Usually, thclc is a one-to-one rclatiolldlil)  t)~t ~i’(tl]  (l;Ih and  ]]]ctal.iata.  1 low(’\’c],  it is not cffcctivc 10
have a labc]  for every memo or no[cbo(~k f! CItll SI.)JIII’(IIIC’S  fllc cat )illcl.  Jly ll~illg  a ]oca]izcc]  WAIS index
wc also have. dcvc.loped a fca(urc  to su]q)ol I :1 roIJlc( lion of variolls  [y]ws 01” cilx’(llllc.nts  such as memos,
lcltcrs, notebooks, c,(c.. It is called lkx~(~~~r~i~  /t}H:/c,L  i/ti~)//.  A(;(;I<I{(;A’I’ION.  l;l AG ancl

110 CLlh41~N’1’..rYlY1  {l{ in (IK l)ocumcI)t ol),]rt.t Itlli(:l.x \\lIcIIIcI  [Ilis  l]wto(la(l [cl)rcscnts a sing]c
clocumcn(  or a collection of docunmIl\;  llItI~,  :11( 1 L’jl<li  s(lflwar( C; III Ixllavc a])]) ropriatc]y  [0 deliver
information to tllc user. ‘1’his schcnic  wifl :Ilso t){. u~f ’u] f’(M (~t!lc] [}’l)cs of ITli’{>nlt)rics.

While workinp, wilt]  Nunlcric  data, wc f(~\llI(l lili( u(’ cwuldn’[ dcw il)r dit[a \\itll  ii limitcct  set of
kcywor[ls.  ]M(a acquired for the study of [~li !( I UIIt II LI;’]C; II WL’AINIIIS cffccls JIIIcnoIIIcna  rc.c]uircd  some
unique keywords to search it prcciscl-y.  1(II IIIL 1, l(x)l,IIIg (lII(ILIgl  I (IIc ] )ii[a l)i~’[ioJ]ary  (0 fln(l  a standard

va]uc fo] a specific keyword could bc VCJ \ [ I t I i(’ ~(~]I~I]rmII[,,  if m(l!.1 of [tic l;llllcs  a[c not app]icablc  [0 a
specific Iluclcar weapon c. ffcct; wc call  ttli\ ul)’  LIi Ilmkillf a[ a slmif]( lllicl(’:tr  \vcalm]  effect a view.
‘1’bus, view specific ot>jccts  were dcvclol)~:i  I(I ;(I)I( ~t’ml  a vi~w  aIId a SC[ of” s[ailda]d v:ilLIcs  for view
specific keywords.

View specific objcc(s usc a set of key\\’oi~i\ fl~ ~JI) i] ( irIic] i( [~l)jc([,  ill (I)is c:!s(. (I)c Numeric object. lior
instance, (I1c AIR]]] ,ASrl’_NUM13Rl(’  l’i~v s]}.{ lfl( ~,hj(x’[ UMX aIrlIlasI  S]X..(J(IC kcywoKIs  from the.
NUA41;I<IC objcc[. As wc adcl more VJCM S]I.L i(]~ [J’I,;CCIS,  [](Jv k(ywoi(is  twc{.lcd for the ncw view
specific ol)jcc.(  arc added [o the gene.ri[’ h’( hl 11< I(’ i Il)jcc[, ‘1 t)us, lh(> I) Al<Ii s{) f[warc treats these view
specific objects as a NLJMIH<lC ob.jcct vti[l] a Iwi of view sp({ifi( kcy\vol~ls  for S(I uc(urcd field
sc.arches. l~ur(i~cr,  a usc of VlliW_NAh’11  illl(!  l’lli’~’  lJl~l’lNl)llN(;Y.  lrl A(; ill the l~ata  l>ictionary
allows the llARIl  soflwarc to prcsen( \’it\\ s]) cil 1{ i[an(liit  d i’alu(’s  in Ilw 1 ),i[ii  l)ictionary. in the Data
Dic[iolmry,  if VI I’3V. I) ITliNDIINCY.  1‘1 A(1 : ‘1’ I S fol a sl)ccillc k(>.yw’()](i,  \~ll{W-  NAM13 valLIcs  arc
provi(icd i[) a scqucllcc  shown in tllc f{)llt)l!ill; (’>till I[)IC:
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ElSTANl)ARl).  VAI.LJE_S1iT  = (( IJ,I{.1,X,Y,7.),(1 W;i),(~,Y,7J)

E

—.—. .= ._ ,
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Figure  S. A l)ata l)idionary  ICxah])lc

ID t]]c above CXalllJdC,  t}lC keyword l)Arl A. ‘] ~1’] ~ IIIS Itlr(:c  \’;C\$’S (;! /( )]]/~] /, Al f<131 AS’]’, and
~RA”l’liR..  liJ]i~l’A.  If a USCr wants [JIIl~ Ilir A 11<1 ~1 .AS’I’ Iri(:w of Il)c I)i][ii  1 )ic[ionary,  the I)ARIi
sOftw;]rC cxtraCls standard values of 1), 1‘, it]t~i I III 1111 tl)(~ S’I’ANI)AI<I  ). \lAl (11{- Slirl’. l’hc  CiI.013Al.
view is tbc union  of all the views.

D a t a  I~ormats

Not only the Inctadata  format but also LILC ~l,L( it)] ~I{s I}ad {() bc ~talid:~l(li)~ci  ill order to ploccss and to
deliver (hc da[a cffcc[ivcly,  Wc used [t~c [L}ll(v,Ii[I\ (1 itc.) iii ill sc.lcclillj’,  II]C 1 JAR]{ data formats - “I’l F]:,
Glf:, P]]]’, JI’f K;, MPEG, and QLJl[X’J’ihlt :

●

●

●

●

●

●

●

I;asily acccssib]c  by public  (iontail]  S{Jf(lIt  alt’
(lmtai[l  a good clcscription of d~i[a
Support  various compression scl)l:]  i I(S (i.{ , [ ~W, (:~’1’]’’]’, .t!’f~(i,  h41’1 (+, C.tC.).

Itx[cnsit)lc  aDd illtcrcll:ll]gc:il)lc.
Simple to implement,
h4inimal :imoun[ of dcscriJ310r OVC.J ]1~’ii(l ] (.~uil~ Li by [b<’ file fol!llilt.
Small  :Imount of data accc.ss O\rCJ IN’:1[1

DARli SUpJJOHS  tbc foJlowing  lnvcnlol  it.<:

●  IhClllDC1lt
● Photo
.  Diagrall)
● Numeric ]]a[a
● Software
● TabJc
O Video

l~or cxamp]c,  [hc s(an(itird  IJARE alchivc  fIMIIIiI 101 ~tat~tld  ]tna~’,cs  is ‘1’a~’,{[cd  II IIagc. l~ilc.  }kmnat
(’1’1171;).  ‘J’hcrr arc two cxccptions:  ill]a~’,cs  vI) i( II L(III I w vicw([l  al a low I (Jsolut  ion may [m submittc(t  itl
Graphical Image l~ormat ((311;)  and ilnap,cs \\It I ;(.ll aI ( ifl-lill(.  \\’itl) [tw (io(~lt]l(.11[  tcx( mLIs( k s u b m i t t e d

k ~]l:. I) Al<l; a]so crca!cs browse vclsif)lls [lf 11][ a[.!]ivc data fw disl~]a)r  1])’ [ILc. I) Al{Ii systcJn, ]:or
files which arc viewed as a series such ;IS lhi~’(’.  (1 I [i{ ILLIJDCIItS  (M H SC(]UC:J1(C  of ])11(}10s,  (1K  ‘l’l[;l:  files arc
convcrlcd  to Adobe ]’or(ablc l)ocunimit  I:(JJ  IIIW (,I’1 )1 ). ‘J’liililllmail  a!l(l  I)roursr  VH sions  of color  and
grayscalc  i[nagcs (e.g., phdos) arc crcalc(i iii t 1 I:’ (;11 and .JI’l (; l:ilc Jfl[cIcIIaI]j!,c  l:orniat,  rcsJ)cctivcly.
“1’bumbnail  and bmwsc versions of b]ack ;IIIII u I)i’11.  ifll.ip,cs  (c. {’,., (Iia{’,litll]s  (JI 1)101  of n~llllcric  data) are
crcatcd i!] (;ll:.



—.

ScaIIncd documcnls, photos, videos, :ilId (Ii:lp  d) II\ lLqUilL>  dlffcl~’1~[ lL>SOIIIIIOIIS” :Illd compression
sCtlt?.l)~Cs.  ‘1’l]c I) Al{l; ]Iata Sllbn)itla] Aliilllliil  (] )Sht J s]X’Cjflt’S Il[t’ lt)llI)iIl\  iit]fl ICCOIlllllC[l[iS  St;llldald
J)racticcs for prcpariilg  data.

‘1’ods for Mctadata  and 1 )al:l

Gcncriition

lllbcl  Jllilor Y’ool allows users 10 c1 (’illt  II k-li~  I;lta  by al Iowill):,  Ill(>It) 10 (}loosc values from a list of
s[alldard  val UcS in a sCrOll bOX. ‘I’h C 1()[)1 Ii+l:r!. ltlC 1 )at:l lli(’li(~l~ill)’  :l\ ~i[l iIi Jml, SO users Call  SCICC1 a
cicsircd  object and gC1lC1~tC lllC(il(liltil lill L’15 c.:’)ily. olllcr  100IS”  (::111  [’,(”llCliil(~  labc]s  froln Tab
separated AS(;II oLItput  ofa sitllj)lc  (l;i[:lNIw  IIIa]Mf;cI  (c. ~., I’OXI’1{), I )l\ASli  11), or a soJi]isticatcci
O1l-]illC. J’C]a(iO1lal  data llla[la~,C1llC.  D[ SySf[’JIl  (1’ {:,, SYBAS1,  of<A(’l ,)). (11 a user can download a

template - label without values jIllI’[i  ill lto]tt  i}}c I) A)<Ii S)ISICIII. a]I(l LISC aTl cclito]  to gcncr:itc
labels. lior data generation, tlIc.rct al ( 11171]~ v,:ys to CIC:IIC [IIC diltil ill il((.oldii[lcc with tbc I) Al<I;
slamtards.

lvr(Jol ad slvtod  arc tools which  I(;I{I 1 ~Al<l: l, Ibcls ;tnd ]KI f’oriil tl]r following  types of error
checking:

l’IOCCLVS

System Architecture

Clicnf-Scnm NIodd



‘1’hc I) Al<Ii systcm archilcc[ur’c is I)awxl  (~]) i Llj~t,l ~crvc] ]lmdcl, ‘1’llis  :it~ljilrc[urc  off’crs the following
aclvanlagc.s:

11A]<]{  uscs O}JCI1 SyS(CIII tcchno]ogics  :tl)(; s[i II(liiI(l~. A fC~ txatlI])lcs  of ()[~(tl  S~SICI]]  (cchno]ogics
adopted by I> Al{Ii arc: S(31  itltcrfi~C(’s l“())  II: 1 (~~t’:i! L arclliw sto[.i~’,c  dcJricc\; Il]c IJNIX opcriiting
sys[cm for Ilm serve.r; T<T/lP  nctwo] k J~lI~tf)L ~ )], III. f’rcc WAIS-sf  (sliliclurt’d field WAJS) sc:irch cng, im:
and the ]Iypcr”l’cxl  ‘I”ransfcr Pro(oco] (11’J’J’I’) \\’01 I(1 Wi&.. Wcl) (\V\\T\$’  ) t(~ IllIologics JJrovidc  the
powcrfLll Llscr intcrfacc  and server sof 1 wa I 1 (“,il):~lliltlcs  lc(lliircd I)>r I) Al<l..

custom  Sof’twal’c

The cus(om I) Al{l; software bui]{is 1 ]y))cl’1’(”x[ h’lal t.~lp ] an~’,Ll:ig,t’  (] ]’1’h41 .) i)i~~~.s  for browsing data
inventories, full -tcx( itdcxcs  and slril(tut ~ti lit Iii 11111 .xc.s  ‘J’IICSC 1 J’1’hll. ]m[I,t’s I) Ioduccd both at setup
and runtimc  arc what Intike,s IIAR1; ~itliqi~(. A  I I II]C i ]’]’h~l. ]mgcs aIc P,(’IICI ;IIc’(i  l)y cus[oIil  h’] scrip[s
whi]c the unclcrlyin~  WAIS-sf sca[cll ~“l]~),ilic jILIiLJ;itrs tllc ill(lc.x~.s.

The I~ARli  custom  software is composrd (~1” tlIICC II WI III siIIMys[c.J]  is:
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10 another. ‘J’hc options fol III(L IJII(I (I 11)1 f lItoty jil(.111(1(: vj(’wjllf’ l~IC online or full -rcsolLltion
J~hoto  and browsing the ar~t~i~rl  (lit I.x I(II J while tlJr o]~li(ms 101 Itlc tat)]c lnvcntory  inc]ucic
viewing the online tab]c,  (lo~]]l(~i](fii]’, (1,,. al’c}]i\(. tal, ]c. :iII(l l)Ic)\\ sir}p,  !hc :ircllivc  dircc[ory.
]’rovidcs links to rclatc(i it)folll]:l[i III III ilir G(li(ic an(i I)i]cctoly.
]’rovicics  the option of (iis])layitly  t I]( lal~:l.

F{TML Title Page
litles  for Evcrd = KEI’LER
. . .— ..— .— —

1. pynqnic  Pressure... (L!

2. oYg Plessur”e,..  (u)
3, Stagnakbn  Pressure... (U)-—-.—.——— . . . ..— — .——

●

m
m
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t {1 Ml, 1 wfout l’a~je. . . . . . . ..-— . ..-. ..-— —
. .

4,!  .,,

.{ , i
‘$i..,

I IT-ML Taqqed Label. .-. .---— -

11-11 E : [)ynamic Pressure... (~
[)[ S( 111’1 10t~= Thb G WE! &?SCrifYbtI
oft t II:. FI:: r’llcdar pbce  of data. It can
l:or I ;II I I;: rrj information about the Ma.

1 t 11.ld[~t+~,l~.  Fll E_.NAME = filel.gif
●

●

●

[g)
. ..—.  — -.

Figure ?. he NW: User k~terkm

Figure 7. TIN I)AI<K User lnlcrfacc

Singk Nldaclata  IClcmcnt Scarchcs

When a search is star[cd from a mc[a&IIa (IcI)I:’111 tlll~c  diffel(mt  ty]m of N; IILIIrS arc available:

1. Kcyworci/value search.
2. 1~1111-tcxl search.
3. Struclurcd  ficl(i scarcb.

Kqww-d/Value %arcll



The keyword/vaIuc. search pages af c ~I,rIIrI ‘I ;{; al ,,l..,INIJ  til)w l)) p;ilsil]~,  11]~’ lalw]s and organizing  (hc
kcywmls  and values  into lIrl’h41, fllcs. /’. iI\I 11(~1 1 ;tlnili;ll  with (Ilc 1 JAlil [iata  may star[ a search this
way, ‘1’his search is also val Llablc bc(:i(lw J1 lIJtwl l\ tlw llsrr wi[ll all [l IL’ (itlcs (Ilat con(ain a c.crlain
kCyW(JJ’(1/Vfl]llC  COJllbjJla(jCJJ1.  NOtC  l]I{i[  \!’/’) ] ‘{ ‘.(it ~ })cs aIc l)mi[(.xl [() ii I]];lxil])tilt]  nuJnbcI of bits a n d

s o m e  da(a Jnay  JIOt bccasi]y  rc[ricl’cd.  II)J ilis!il~l{. in ]),41<1;  I}IC Il)a~illi~]l]t llllJllbCJ’Of’hi(S  for a W A I S
scarcb is set to 1000.” ‘J’llC  fol]owil]g  ]):1/’(s  :l~L’ ]H(”.(’il(cd  10 ttlc llscr\4’llcll  :1 lL(:y\\JO1(]/\’:l]  LIC SC:llCh is
Conducted:

lhll-TcYit  Scalch

‘J’hc full-text scarcll for an individual ll~ctrl(i:~w.~  I.1() (’nt 01]1>’ dif’t(’.ls  fiO1tl t}It :ill ]nclactata  clcmcnt  search
in l]lat ttlc sulnlnal”y  page is not pJ odLIctd  \\’ tit’ fI a i 1111-tc’x(  sc.ar{h  is c(JINluL((’d tile. fol]owillg pages arc
crcatcd by ttlc runtimc soflwarc and ]UCSCIILC. i Ii) 11,1 ltsuJ,  tllcsc IJa/T,cs  al c’ I}IC same as ttm  ones cicscribcd

ta >ovc.:

1. ‘1’l]c 11’J’MI, title page,
2. ‘1’hc 1 l’I’h41, layout pag,c,
3. ‘J’bc }1’J’MI.  taggcci label,

Slradurcd  lkkl Search

Sumnary.
q’hc  DARli  Illctaciata  JnOcic] and the Stall(i:ll(i<  illli)]( lllCJltU(l  ill]O\’/ fI.)J CilS}’  I)OJ[:d)j]jty  k) other s t a n d a r d s

and indexing  systcnls.  For example, IJARI ~~ is ilf~~+r  ~1’>inp,  J lrJ’h41, fol ils I)lov.sc  ]M8CS  and display
formats. With Jl)iJIOl” changes to the code t IICW’  ) I I ‘if 1 ? pa~>(”s (“OU 1(.i bc coil\’(1 ((’(1 (0 SGh41 . WhCJl  tbe
community feels that S~IM1. is the stalldill  (i [(. t). :!(~[)}~tcd.

Bccausc  of ttlc nlocill]ari(y  of tllc IIAR1;  s~jlltf  t[(. :LI.:1 t}ct:allsc  tilt I) Al<l;  !al):ls iii-C in AS~ll  format the
current search engine (free WAIS-sf  ) COUI(l  l). JIIj)l I.wi with Inillol illl~)ac( [() (Ilc lln(icrlying  code.
17urthcImorc,  l)AR1i has not sc]cc[cxi  lo iil)])](’1 II( III ) )13h4S;  ]Kn’,’l>VCl,  tllc sll [lCIUIC of its JIIctadata Wj]]

make lt very cmsy  to port (0 a rclationa I d:~t jllw.



‘The I)AI<Ii dcvclopmcnt  staff rccop,tli~cs  11):11 t lx] ( arc ii 1(~[ of I)rorcs\itI~I,  SICIX bctwccn  selecting a
data format and making the inforjnati(m a\ilil;ilJlc  [~) USCIS of IIIC lJAl<li s~rs[~ln.  fiach titnc :i ncw Iypc of
data is p]anncd for incorporation in[o 1 )A 1{1 ~~ , ,: (Ial,i i:tlgitl(..clitlg ])l(wcss is J~’(]ailc.cl.  Duling  this process,

t h e  l>ata lhginccr  se lects  a  cla[a foII1l;ll  iIII(l  \! ~ N }.\ \vI[lI III(S ({ala  IIrovidcfs  ali(i llscrs  to dctcrminc  tk

Illctadilta rcc]llirclllc.llts  for(hcdata,  (’ };(:llc)[:lll’~’c  s[rc~llp,ly  lcct)lllllll’llclt  l~;ll l)c{)])lct:ikctllctill~c[o
design mctada[afol  ncw data type.s sili(:c~mlj  a }’,t~}.i ]nctado[a JIIodcl (aII sLIj)po II a~ood I-ctricva]
Systcnl.
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Dab Archival and 1< d riwal lt~~lla])[~(l]~]e]]t
(DARE) Mctadatti JWdcling and its User
hkrfmx?

I JmotI  J. IIyoII  and A?O.WIIIO  l~isciot(i  lJOI ~:PtI

Abstrad

‘1’hc l)cfcnsc.  NLIclcar  Agcncy  (l~NA)  t~ai  .Ic(l  I i]<cl t(tabytf”s  of ~iill]a[)l~  [lal~i  mfllict)  ncd to be archived
and cffcctivcly  and efficiently ciistributcd to tllc [[)lilc IIIIC]Ciil w(’:t]mlls cflc~[~  community and others.
N A S A ’ s  Jc( l’ropuls]on  1.aboratory  (11’1  ) Ii [1. \Ll{JIIIIIF,  tlw 1 )ata  Alcllival  aTId Rctlicval linhanccmcn[
(I) ARI1) systcm for I>NA (o dclivex illfo]ll~::[il]l  [(~ 1 klMIIIIILIIt  (II 1 kfu]~sc (1 h])) and its contractors via

dcctronic  remote access. ‘]’hc  IIARli  sys[( ill ~11 c I]it( ctur’c  is lMsc~i  011 a C] ICI I[-SCI vc.r  n]odcl implcmcn(cd
using (hc ‘l’CI)/ll],  11’1’’1’1) and WAIS ]I~otf~,  (JIS ‘I I](. ;Illla{ of t]lis  a[tl]ikd~lt(  is its mc.ta(iata  mocicl.  With
this model, tllc. architcc[urc  offer’s vclsatili[y  i I(i c\l I:inriabillly  to illtct  Iacc \\}lll  ally (ypc of database or
wcb indexing applications. ‘1’his papci dc.s.J il I ,’s [tic l) ARII. ]Ilcta(la[a  II IWIC1 i~lld  cxp]ains how it is used
as a source for generating I lypcr’1’cx( h4:tl kLIj) 1.:lIII1lI:tgc  (ll’I’hdl.  ) or St;ITl(l:It(i  (ic.ncraiizcd  hfarkup .
1.anguas,c  (S GM1.) docu]ncnts  for access i t 1) LJ,I},I  I \I. Lt) bmws~w+ \ucli as Net ~(a]lc.

—. . . . . . ,, ..., ..— . . ---- ---- . . . . . . . . .—. —-— — —-.

Introduction

DNA has invested heavily in hc acquisi[ioll  <II ii;~(: L]I]iq(]c  t{) tll( \401  i(i aIId III sys(cms  t o  analyz,c  tksc

data. Kcllcy  [5] I) ARli’s ol~jcctivc  was to (i(\Li:Ji)  ii :.tatc-of.  the- :Ir( iIkf(jI lilatlon systcm to prcscrvc an(i
facili(a(c  the utilization of data gcnc]a(cxi  ill III 1(1(:11 v:calmns cff(cts tcs(s as \vc.11 as simulation
cxpcrilncnts.  JP1-’s cxpcricncc  in han(ilil]{’  III:\s.I\’1:  iIInounK of (ix(a. f]olll  NASA’s planetary missions,
and their familiarity with stak-of-the-;,tl [ (liit~i ttl(ili) iIi allrt  rct Iie\’,[i sys(c]lls were crLlcial  factors in their
being sclcctcd to build DAR1l.  I) Al<l;  is 1).ill) illli)ll.  ][]cn(cd  ill f~):ll  ilic[c.llwll(ai  (iclivcrics, each delivery
dcsigncct  an(i inq>lclncn[cci  using tlm l<ai~I(i  1 ) vile; ~ I lent Mtll]o{iolo~,y.  ‘1 ‘iI( ]Iw.ta(iata  mocic] and usm
intcrfidcc  wilich  this i~apcr  (icscribcs  \vi Ii t). ;Il :(il,lt)l:  ill (IKL S(:~)ktl]tx’I  1996 delivery of IIARl~.

in orcicr (0 ensure tile ]ongcvity  of tt]r. 1 )Al<l. ,tl[ll]~t,  it is csscIIII:Li IiIa[  IiIr (i,lta and me.tadata bc stored
in fornl:its which arc open, stan(iar(i, JIllli[ii]l;ll  I (~! III ;ID(i sup]  M) It(’(i t~y (iald c{~]lvcrsion  and vaiicia[ion
tools. l;orniats  which ]ncc( (his critwia  iil(’ lilt 0[}(s lTiosl  lik(iy  10 s[Il vi\( a$ Ilalciwarc  an(i software
tcclmologics  evolve. I;rom our i~as( cx])c~i[li(s  I{it!l  lCl:iliO1l; il (i.i[at)ast sys[(”l  IIs, wc rcali7,c tilat it is not
easy 10 imi)lcmcn(  a systcm (hat is sitl~j~lc  (0 lf:if II, L w, aII(i illli)lrllm]l ‘i’l IL I<, wc. took a different



>.

1 .  1( l)aIl(llCS mul(imcdia  - (IOCII]III III, ]lIIL) I) [Iltillrl]( (l{l[ill vi(lco,  C(C

2. O1lCC data  is illdcxcd,  it has a Jil\t ;lli~i iI~L I II ,,11(11)’  II I[(:rfa(C,
3. 1[ is simple [() ]carn,  USC, and i]lll)](lrt([l
4. II suppor[s  c]oss linking, sinllll~i[iil~’  ,, 1( ’1:11  (1”1’11  (Iilt::l)<lw 1110(1(1
5 .  ltisc:isy  to I)alsc,l  l]alliptlla(c,i  ill(l  \illl i;t;~

6. Ilisollcll,  so(ll:t( itcoLllcl  tJcc.aiily l{);~(i.il ililtta Dllhl S lalr.1.
7. 1( l)lotccts data by allowing acc~:ss l) (Jtll\  (;Li tlif’iccl ustrs.

Wc also acioptcd tbc ‘1’(3’/11’, 11“1-1’1’, a~l(l  \VA IS ]JII I!{)COIS f<)] [ht. Imws O( 111( 1 JAl<l;  systcm,  bccausc
tbc Wide A1’ca lnforlnation  Servers (J$’AISJ $IaIclJ ( nfjlw attd  tile ] ]y~)c.t’l’c}.[  ‘It ansfcr’ Protocol (1 I’I’’I’P)
satisfied (hc above rquircmcnts assut]lil]f  11]<1 III(I c is a l(:ltablc nmladata  III!.xIC1. ‘1’lm  model is based on
AS(3I rcprcscntatiol]s  since WAIS can’t  II I(I(  \ I)irl t,y r(’j)lc.st~~t:lti(~]ls.

‘l”hc l’ol-table IJata S]mcification  (1’1 )S ) ]Jt [I\ I(l:v ii ( vllnplcxi[}’  of )Iir.lalcllic:tl  [)I),Icc(s; hc)wcvcr, treating
Itlctada[a as an object gave us an easy w:{) [() Ii:llldl,  (iifftlclll  [ylws of data 1 ‘(JI example, a document
object should carry a kc,yword dcsc.1  it~il~~’, llLII1lIJLI  [}! [)ap,cs  wililc a l)}JoIo OIJIC(I  SI1OU1C1 have a keyword
to dcscribc  M color of the photo. ‘1’]lus, \\( (I( (.-i(ic(i to adopl the 1’1 JS v;itll  d] )[)1 o~)riatc modifications for
the WOI-ld  Wide Wcb (WWW) SCIVCI  crI\IJi  f)fli]l(lIl r}h[ of [}IC ll]c)clifl~’alic)ll.f  irlvolvcd simplifying the
obicct  stlmctu]c, dc\}cloping  n c w  objc[ts lot lll]llil[~  (Iia,  aII(i .su]qo  lin~’  syslLIIl  lcq Llircnlcnts.  l;or
c.xaml)lc,  since tbc l)ARIi sys[cm is b;jscd t)]l I I 1’ I I‘, wc Ii(c(lcd a IIc.w SC( of kcy\\rords to accommodate
Ilyl)cllcxl  liniiin~ and dircc( :iCCCSS to (Iii(il I u tlI~I, \IIICC  [tic.w (iiita all vcI) s(’Ilsitive, tllcrc need to be

k e y w o r d s  t o  jcicntify [lIC scnsitivi(y of IIIL ,I:tt;i aII(i  [I pm[ccI II.

‘1’hc IIAl<l~  nmtada[a model consis[s of ft)l~l tltllt.]11~,  - IIa[a I )icli~)llafy,  l)il[’.{to!y,  Guide, a~d
]tlvcntorics. in this Impcr, wc will cx])laill  II( IV,  [itc) iil(clac( wi[ll caul] OIIKJ tiIId tlow (hc.y arc [icd to (1IC

data. An individual mctadata  c]cmcnl IS C,]lI(’(! :1 lit}){]  ii[~~] is l)asc{i OJI I)IC ]’] )S ai)[i  the ~)bjcct Ilc.finition
[,an~ua~c  (ol~l-).  WC will cicscribc.  ttlr liil)[i SIIU(ILI fol \al ious nw(ada~a  (lctncn(s  and state the
reasons bc.hind (llcil dc.sign. A label c.(lllsi~r<. (JI (dl]c{s, aII(l aII OIIICCI  co]lsi$[s  of kcyworcls and va]ucs.
f:urtbcrmorc,  (hose kc.ywords and star)~ial(i \iiil[(\ ~IF, spc~ifl[(l  by tllc l)a[a 1 )Jctiollary which is also
written in 01 }1..

in order to prepare tlm mctadata and aiw) [c, ~~~,,f[  ~11 I lIcm to tithcl a user 0] a syslcm uniformly, varioLls
filters and intclfaccs arc ncccssary  in O]LICI 10 ( ollf~~  Ii] to tl~c standald.  Mo]c.<l\wI,  i[ is also imporlant  to
standardi~,c  data forlnats.  Wc will (iiscllss SO III (!f [II: (()()1s [I)at \?Jc IIavc dc.vclo]xxi  to prepare and to
validate. the mctadata  and data. As a glli(it [I,) I):M d{ iclo])cIs  who alr dcsif’,rlill[:  a lnctadata  mocic], wc
would also like to give. some insights al~(i [(~ ]t’. 0,111( (IIir CXIWI Icrn:s  ill l)ll])alill~  find convcr[ing
mc(aclat  a. in conclusion, wc will illust 1 atc t Ilc I )AI{I :: YS(CIII  its WI IOIC.  awl lIOV:  ~lmtadata  clcmcnts  and
(iata arc in[cracting  wilh each other itl ol(ic} [() (icll\~  I i[lf(~llllitio]l  [0 its usc[s

The Portable Data Spccific:]lio]]  ( 1’DS) Sfw]dard

‘1’hc 1’1)S standard rc(]uircs a label fol car]] ill{] ~’i ~ iu: \ia[il lIl(I(iuc{ I I ] ‘1’ltcsc Ial)cls arc written in 01)1.
and use a s[and:irct  SC[ of object clcfllli(i~)l}s,  I:(.> ,v,~l LII an(i stalda}d values lt~] ti~csc  keywords. l’hcsc
object (icfil)i(ions, kcywor(is, and Stall(i;l[(i  \illL].,( ;Ii( (icfillc~i  III t}l[ 1 )a[a  1 )i(li(~rlal-j’  wfhicll  is also



.’, . . .

,4

r. . . .. Al------- . . . . . . .,.,

w.maow
3SMOElf3

-—— --—— . .

. ...-1-1

I,1, -t--l-

1. -..----__-.r---
--

(/J~.
c). . . .
4.m
?4. .~.
m
c) I()

(’u
.#)
Cu

u)s..

. . . .
L.J.



,..

wri[[c[] ill 01)1.,

‘1’hc 1’1)S s(andar(l  rquircs  a (Iislil)((  (I:{lii ]~{~,11](1  I;ilxl 101 cacl] illcli~’i[~[l;ll (la(~t  I)rodllct  in order 10
dcscribc  IItc orgalliz.a(ion,  forlnal, c{~lll(~)t  aIltj q~l(llily  of c(il.’ll  (~illii  ])10(1[1(”1.  ‘1’tlCSc  labels am
itnplclllcn(cd  as dc[achcd labels, WI)ILII ]]ltl)li(~  LIII” the I:tt)(l is (I(”I:I(IICJ Jtolll IIs data and resides in a
scpam[c  file which points (0 tllc {ial;l l)lo~l[t~ 1

l.abcls  consist  of a set of kcywolds  arlcl \(llw: s~j itatcd by an tq(lal si{:tl.  K(:J’welds arc conlposcd  of
dc.scl  i])(or words (wbicb (icscribc  u’l)al 1~ IWIJI;I 1111 :Isu IL..cl (JI ]) It’scIIlc~.l III I 11[ ffatuc ficl(i)  and c]ass
words.  Kcywor(t IIanles arc cons[r~l(ttxl  II SIIIjI, 111(. .! colI)jK)itclI(\ fi(~lil 1(”11  l{] I’i[’, tl[, fl-oln  Hlost specific
(tl)C  lCfllllOSt CO1lIJ)OIICII[) [0 H)(NI SL’IIC.I I( ( tl~(’ I 1/1,1 11)0,s[ (:OII1])(IIICIJ() (’l:lfi \\’old S colI)prisc  I1lC rigll(
most con]poncnt  ill a keyword nanlc, ‘1’lt(’ CII\. ) u IJd idclt[t(lc.s IIlc l)a~it  illj(~llll:ilion  [ypc of the data,
WhCl”C  il)fol  Inalion  lypC  include 1)011) [11( (Iiili [J]). [ ltulllcri~,  (Itarzlclcl, lo~!l:  a]) and a size constraint. [1]
}~or cxalnplc,  in the. kcyworcl INS’J’R(IM  I N 1. ‘1’Y 1’1;, lNS’j’RIJh’lf ~N’1’ IS OIC dc.scriptor  word, and ‘1’YI’Ii
is (hc class word w]lich implies tlla[  IIW \ ;{lus sli{~:~ld  Im s[at]dti(dizcd ati(l :IJ)l)JOVCC( by I) AI<I;.

‘I”hc List ofa litnitc.d set of class wor~ls u’ill

1. Rcducc  (he Iiccd for users and (I:ila l)] o.c~~illi’,  soft\\alc (0 ;~cccss  a tl(l[a dictions] y to parse,
interpret, quct-y or display valu(.s,

2. A(i(i a ~lCa(C1’  ]CVC]  Of S(ILICILII”C  aII(i (’OII\I\(L H~’y  (() tlM ll(JlllCll(’]:ti 111 C’.

3. (;(lfls[I;tiIl tlIc sclcc(iotl  and usc 1}1 (I(il;i i ;il~),,1

4. I]roll]otc  au[onlatc.ct  operations S{l(ll  ii~ \’all(i]l) cll~’ckili~.
5. l’Iomo(c  tbc (icwclopll”icm[  of illlcil)j,[’ill s(lft\~ :Ifc.

‘i’hC l)l)S staI)(iar(i dSO provi(ics  l“lllCs  iill(l 1);11 Iillf’, , ll]vcll[ioJls for (iala stti, ~lala set collections, volume

nalncs,  fiic ]lamc.s, etc. 11 also (icfincs Itlt I IJlt , l{)] r~)nslf Llclinp,  ol)jrc( :irlfi }(’~’wol(i  nalnes. ‘1’he i~Lq)osc
of cstablisbiny,  a stanciard  syntax is [0 cIt:Ifc ;:II LiI\ II OIIIIICII1 wlIt.Ic a IIi II IIINI 0[ irlctivi(iua]s  working ‘
iadcpc.ndcl~lly  arc likely to select IIIc. l[lct~li(~tl  Lt}I\I, (mi rIa III( fo] tllc sitlllt (Iila i tc. in.  “1’l)is cmatc.s

mnsistcncy  tllrou~}]oul  tlic sys(cm aII[.i (~)) 1~’lltiic ,Illalysis i~ [)c[[cf sll])j)t)ll((l

‘J’llc Objed Ddinition  Language

‘1’hc {11)1, is a simple human rcadab]c laIIfILI:Ift  lIav “,~ ()[I li)c Comw])t of (Jl~I((’ls  anti “kcywc)l(i  = value”
s(atcmcn(s.  [ 1 ] IJor example, AlJ’I’] IC)I<. NAh!l : ] ‘ i~oc,  10I)I) S.”, “ IXw, .lt~; S.”}. “1’his  langLlagc is
used both [o label data prodLlcts aa(i 1(I c(lIIc,[ l[l{ti~,l,~(a  fo] ioadi]~g i]~((~ 1 )Ai<l~,,  ‘]’hc character set of
(JI)I, is the lntcrna[ional  Standards ol~~,:{[~~zti(l{~lt’s  I s() (vI()  lharactol  set (i c., [hc AS(3I character set).
ASCII labc]s can bc react by Llsc.rs easily, ll~(xif)t{i  \ \ silll]]lc  cxiittus,  al]d ila[sccl  t)y l>ARl~  tools.

NIctadata Elcnlcnts



I;ol Nwsl catc.~orics  of in formatio[l  (/)i/(r  //)/  ~, ( ;[(l(ir, /1/\c///otIs,J,J IIICJ( is :i s(allda[d set of required
dcscri])tivc  kcywor(is; these.  calcgor]rs {)1 IIIIIIJ I II;:’ L In fiIc. 01 II,a III/Cd into (d~Irc Is. I) AI<Ii pmvidcs  an
empty  label, called a tcmplflfc  for ca(tt IJI;ijt) i 11(1 Illatio]l cd(cp,or)f  or ol),jc~[.  ‘1’llis (cmpla(e is just a label

that hasn’t  bcm filled mt yet whit.11 (ot~t.iltl:  L’1(11  ~lf tti( all(I\v(ILl  iL(y\toILl~  1 ‘u I (hcl,  tllc dcscrip[ims  of
allowc.d  keywords  in each object all(i :ill(~w~ ~ \ ,{I(IIs fol ca(ll k(yt~(}[ds  ar(. slwcificd  in [he IJata
l)ictionary.

l)ata l)iclionary

‘I”lw Imsic (UIC of a thumb for sctcctillf,  kt~ N (~](ii 1, (hat, )f a valll( [Ir(ti\ 10 I)c slan(iardi~.cd  or
coIHI)Ionly  sea rched ,  o r  u sed  by [he syslr II I s ~1 Iw:i I., a kcy\IoI(l is IIt’(ci{’d. Any ottm valucx  should be
dcscribcd ii) free tcx( fields. ‘1’hcrcfol~,  tll~~t  ()!I,lL Ii arid k(y\4LJ:d\  Ilav(’  (0 [),0 tlllou~,h  really iterations
to acllicvc (Ilis goal. SOme. kcywor(i\  Ic(l\IIIl v,:lLI(\ (o I)c staIld:Icdlzl(i; [IICM’ aIc called standard values.
“1’his ncxxis  10 be ctonc  in CNdc.r  fo] uscr~ I() s(:~l( 11 j :Ilues in ii silll])lc all(l (Illlfolln way. l:or example, a
user wants  10 scarcl~  an organ izatio]l  IIaIIII. \I) 1111 “j ~NA(’ {,* “])NA Al(~:\l]dli:\”. ]f tllc va]Llc of the
keyword, (hganiz,ation  name, is “I)cf(:tl\~  h’liL  !,a Agc.J~(y” wi[tlou(  its a(IotIyIIl, hc won’t bc able to
firlct an cmtry.  Ily spccifyinjl  official or}’all)~  llil~ll li:IIncs in (t)c I )a[a l)iLliorl~tly, the user can look up tllc
Data I)ic(ionary  for its correct spc]liltf, ati~i  11.[11{’I f [tm d(.xllcd (Iaia.

The IXi!a l)ictionary is constantly lllodil  1((I to .1(1(! IICW objccls, kcy~v{)]ils  aIId values. Sometimes

changes  to the. l)ala IJicticmary rcqullc  Ill):l:ilili!,  ~listil~p,  lat)cls II) [tic sysl(lll.  ‘1’his call be a time
consllming  process. lJnlcss  (here. is a vcJ\ Ii ll)~!(~~lt  rcaso]l  to (llall~;( Il]clll,  existing objects, keywords,
and s[andai d valmx should be. stable.

Ijntric.s ill (tic l)ata l)ictionary  ttlr.lllsclv~i ilti [its I Ibcd l)y [}10 1 ):il:~ 1 )ir[i(~ll:iry  object :is shown in tllc
figLIrc 2. ‘1’llis l)ata l)ictionary o[>jcc( is lo] [11( 1’1 II .Noh41 NA F! Ahll kC)ILiJOId.
S’I’AN1)AI<l)- VA] .[Jli_ S1;1’ speciftcs  IIK \, II II L.\ I~Ir (lIC k(~i~r(}:d IJNI 1’ si){’c]f’]cs [k uj~it of the value,
and lcm~,tll keywords indicates the. lt[l[’,(11 (If [II. \ II IIC.  ‘1’t~c. (ilil\l; l< Al. (’1 AS SI1:I[;A’I’ION.  2’Y1]li
keyword i(lmtifics whether this kcyi!ol~l ii lls,,i II dcsclil)[iolk  atl(l L l:l~sifl(a(ion (i.e., MIH’AI)A’J’A),
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l)ircdory

‘1’hc jmrposc of the Ilircctory is to ~,ivc  (IWI>  ;I Iii! 1 Ic\cl  oict v1:’w of IJN,I’s da[a and its cxmlcn(s and

arcl]ivc location. ‘I”I)c data SCtS (iCSC] ilw(l lli [t]( 1 )ii\.Ct(}]y  II I:Iy tN itl(:lli\’{(1  (lcc[l(mica]ly  in the I) Al<Ii
systcm or may cxisl in other archive cctIlt”Js liltl(: III hal(kopy 01 clcc(Iol  Il( jollI).

A IIircciory entry dcscribcs  a data stt ii ~11 t~u]l 01 tlata, ‘1 IILS ol[’,,ltliz;itioll  oj data can bc quite complex.
l’reducing an archive quality data sc( IIl(:IIis iil,l(ll}ll~ v~lmt  is ]](;cdc(l  to LI}ldcl  stand alicl  utiliy,c  tlm ciata.
‘1’hc lclatiollship  bctwccn the data afId c1 (t ylliiltj, <ISC caIt  IJC c(~llll}lc.x.  III addition, data sets many bc
g,rolljwd  together into larger entities lo s(] \( ii ])iil I Icu]al S(icn[ijlc  ot)jcc[i\(. ‘] ’tlus,  an archive da(a set is
defined as [hc accumulation of data ~)tculll([, ~.ul)~)lcnwi)lal  (Itllil,  so f(wat{:.  :ind (l(JcllIllcl~tatioll,  that will
coml}lc(c]y  docunmnt  and suppoll  IIIC Ii\L (JI l)to~{  [.lata p)(lflucl~.  A (Iilt;l S([ call bc JJall  of another data
set. A silnl)lcr  version of a data set coLIlti  IIC t II{}. ()]])c]lt  ~xtllcclioll  f[olll s[~l]ironc.’s  file cabinet,  for
itls(aucc.

Reside.s 0[1N3 I)ir(xtory keywords, ‘It’ll .1; i I (IIC  I )IIccloIj (~l)i(~[ is [II( k(y to [ic all ttvc  ol)jccts that arc

re la ted  10  th i s  da ta  SC.( dcscrikt by III( I lJIL:tlI.)l ) )’\s Cm’11 Obj(’ (’t  dlalcs [11(’ Salllc Va]llc  for
l)IRIK’I’O1<Y.  ‘1’1’1’1 ,IL,  tl)c I) Al<};  w)ftt+ ;IIt , atl’t),  iild a link [w.lwcc)l a]l [1){ tc.latcd  o[>jc.cts and ‘1”l’I’l .11



fronl a I)ilc.clory  cl]try.
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Guklc!

Guictc  c.ntries (icscribc the (imnai]l  oj ]111[  lcit v r;:; I{ )]]s cfftxls tf’slilt~~ (c.,{’,., ~Il]clIomcn:i,  test methods,
opcra[ions,  events, facilities, organi?a[i(l]is,  (ii{’il si ;lfmls, c[(:. ). ‘1’l~is il)fol ])):~tion  can bc very helpful for
somxmc  WIIO has little knowlc(isc atmut t(ll[ I(+I \It. apo[]s c. ffc.c (S [csliilf,.  ( ;Ili(ic  entries fall into several
categories sLIch as lM~Nrl’_.NAMIi,  1’1 ]1 N( Jhl t :N/’\.  h’AMli, ( )l<(iA1417./i’1’J  ON. NAMI;, m. These
kcywor~is  ale also in the objects. ‘1’1]( l>Aiil  ~ s()!(v ,1 [c cmn] mm tlIc st aII(laI d values for these keywords
in each object witi] the val Llcs  in the (;ui(i( c.1111 i[:. If ]( fIIIdS tllc n)alcllill~f  \itlll~, it then buil(is a link to
the Guide-entry and allow users to accrss 1)1( II If(JI ~lalioll  ‘Jllis l)rfwcss  Itlilllics  a relational ciata
manager. lnfor]nat  ion is storc(i in tl]c ( ;Lti(i(,  i IIILI ~iljICr (Iata  cntlics  a[cc.ss  [Iiis  iliformalion  Ihrough

(iynamic  links created by the I) AI<l; .sof[litil~  1 I{ IIIIC 4 is a tyi~i~al  cx:~IIIjJl(  i.)f a Guitie  label.r-i ‘::” :----”-
r..— — .—— ..= —.=,=, ,OIIJJ ii = iiLJ1l)Ii

.
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. ..— —. —— .=_= , ,, , 1
Other Guide kywords  PlM,7

~:11
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(iI~GAN17,ATI@  tiAhjl , l’} II fj”OA41;NA:  hTAhdl i, ‘1 1.S’l;- ‘l’Yf)li,

one of ttlr. ‘I’llSrl’_MI;l’l  lol). ‘l’Yi)l , I ( )( ’,’\’I’ iON. 11), I/j(.’l] .1’1’)’. NAMli,
Guide Catcsory O1)lil<ArI’loN_NA  h41.,  ” 1 ‘\ ’i; ’4 ’l’ NAh4}j,  llX})lit<ihll  Nrl’. NAh41;,
KCyWOIdS Sl{NSOR_.NAh41;, INS’I’1<. [ lhl] ;~.’j’_  ‘l’YJ’}:, ‘I’A}<(;  J’I’ NAM];, ‘J’Al<c;];I’_’]’YI)Ji,
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c

. . I
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For cxal~lplc,  if ORGANIXA1’ION, .NAh41; : “1 )LII IISC JNuclca[  Af:cIIcy (1 )NA) (Alexandria, VA)”, any
objects wl]ich share this value for (.)1< (.i ANi/,1’l 1( }TS  NAh4t i will IJc lirlkr.{i  to t}lis Gui(ic entry. Once it
is linkc(i, tllc (ictailcd (inscriptions of [I)c II,IILI( v III l}:: sto~txi in 1 I l’h41 . f(~llll:((.  ‘1’tlis file. is i~ointc~i  to by
the BROWS]]. .I~II.li.  NAMf I vaiuc.

lnwmtorics

Mcta(i~ta  mmic]s that had to suppol  [ corI(l:tll\. ,(if  IKC I“csul(cd III (:OIIII)ICA II Iodcls. Iior cxamp}c, an

instrLlnlc.nt  model  c(~uld  include col])j)]cx  J(liit.)tl\]tr~  I:; bc[\vccIl  CIICIIIS, II LIIIII):I of cxpcrilllcnts  in an
event, IIlcasulcci  parameters, ami plIysIcal  ((JII lI(III(IIl~i of [lie i[ls(l II]I)c.111,  1 l\If!lIcs [4] We. rcaiiy,e(i  that
there is much more intcrcs[  in mcta(iata t[l:it  ,SL 1 ~},lit$: [Ic.tailtxi  I)rorcssill~l,  iriftltllla[ion Or rcviCws, muCh



of wilich W:iS IOSI trying to fi( the. da(, i ill(t) i} ti),{(i II Io(Ic  I, W’i(tl [IIC l)cll)  I.~1 tlIC \VAIS fllll-tCx( indexing
capability, wc wcw ab]c to supply I)c’ttc[ lt.~.l(l:il  (lI\tlilllit)l]\ an~i 10 oflcl :~ sI.alcll  capability on tlmsc
descriptions. ‘1’bus,  the mctadata  fol ;~t) liji[]lw} ~Iw’s a IIli[]}mal  set of k(’)1~’or(is tode.scribe data and
s(orcs (cx(ua]  dcscji})[ions in c.i(tlc[ N’()’l I (~r I) I:,S( 1{11’’I’ION  k(.’y~v(ll(l~

vim’s

While.  working wi[h Numeric data, wc ~(JLIII(l 111:1(  \I.. coulLIII’t  (I(:sctilw  data ~i’ltll a limited set of
keywords. ])ala aC(]lllrCd  for tbc sllld~’  oi (Ill l(”J{,’111 I tl}C](>iil \vca~](Jlis cflcL ts ]~ltcllomclla  required some
unique keywords to scarcb it prcciscl)r. 1:111 (Il[t, 10 II;inp,  ttlli)!lf,ll [IIC l)a(a 1 )1.(ionary  to find a slan(]arcl
value for a specific keyword cou]d tx WI } til  II( C(II lsunlillf,  if II I(K( of ttl(’ ~’allles are not applicable to a
spc.  ciflc nuc]car weapon effect; we c:ill  IIIIL v at of 100kin}:  :i[ a <pccifl(  IIiItl(aI weapon effect a view.
“1’bus, view specific objects were dcv(lo])(i  1) 1~111 ,’SC.Ilt a \’Ii’w ar)(.1 a scl  oi ~[atldar(l  values for vie. w
specific keywords.

[-”------ .-”ENAMli = I)A’1’A ‘1’Yl’1~—L— . .. —.= .

E

VlliW l)IWliN1)l; N[;Y l~l,AG  =“ YI :S~- . . =.——-—:—===  ~: :
Vlli\Y. NAMli = ((; I.O1lA1., AIRII1 AS 1’, ( ‘RA’I t(ll_

L
STANDARIJ VA1/~J1; SIrl’ = (( IJ,I;,I “,X,}’ ,7 ),( I ~,l;;~’._. + . .—. ——— —— ~.., = ,—— .. -—.

[.. _..-...==-
I’lm  fhc rest qf the Ikta l)ictiorzllly  Kc>}t’()14 if II_— -

]iig~l~~ s. A ])ata l“)iclionary  ItXlllll])l(’

Ill the above cxam])]c,  [hc kcywold  1 )A’1’l ‘J } II]; Ias tlll~’c vicils (;1 ,ol\/\l ,, AI RII,AS’I’, and
Cl<A’1’ill<_ l{JliC’1’A, If a user wal~ls ~~llly [Ill AIRI ;k .AS”I’ IIIrW’ (If [IIC l);ita  I )Ic[ionary,  the I) AI<I;
soflwarc  cxlracts  standar(i  values of 1), I‘ <:11  1 I i 1),11  tllc  S’1 AN I )ARI ) J’AI l]];. S1;1’, “1’hc  G1.ollAl,
view is tlm uIlioIl of all the views.

l)ala ]rOHllafS



NoI only  Ihc mcladata  format bLl[ also III{ (I:i I;i loIII, ats lt~(l  (() lx’ sIaIIclaItlI/.cLl III ordm 10 p r o c e s s  aud 10

dclivm (I1c da(a cff’cctivcly. Wc used [tic [OII)\i ill{ (.rii(l iii III sclccti]]{:  (11( 1 ~A1/1~ data folmats  - ‘1’11:1~,
[;ll;, 1)111:, .ll>liG,  MI>]; (;, and Q(JIC’F(’I’I 411

● ljasi]y  acccssi[)lc by pLlbliC (iolt];ill} S( }1 I w;ll(’
● 03n(ain a good dcscrip[ion  of(i:ll:l
●  SuppoIl  val-iollscolll]J1cssioll st:tl(’jlll.i  lit )’,., I ,z/M’, (:( ’1 ’1 ’’1’, II’]:(;, A’!l’l’(i, C[c. ).
0 lixtcnsiblcald  i[llcrcllallgcal)l(.
● Sill] l~lc(oillllJlclllcllt.
●  Minil~~al  amount  of dcscriptol  (Jv{[l~cii 1( ’q(lllc(l I)y Illc fl][: folll)a(.

●  s]llal] all]oul]( ofda(a  acccssotclll{:i~l

llAl<li  suplmr(s (I]c following lnvcl~(orics:

@ l)ocllmcm(
● 1’110[0

●  IJiagram
●  NumcI”ic])ata
. Software
● ‘1’able
● V i d e o

Scanned documcnls, photos, videos, awi (li:l/ 1 aIII\ J ~quilc.  diffcl~n[  Ic.sol(llit)lls  al)d compression
scilclllcs. ”l’]lclJAR] i])a(a SLltllllitta]  hfiallllal  (l JShl)sljccif lcstll(’.f oIlllats:l!l(i tccoltllllclldsstarldar[i
practiccx  for prepal ing data.

Tools for Mctadata and 1 J;I[;II

‘1’0 cxpcditc  the data ingestion process, W( (i( }clt)]li:l  tools l{) p,erlclalc, valicia[c,  and pIoccssmctactata

an(i data.

Gctlct i~tiotl

/ilbcl  /Milor  Ibof allows LIWJS (0 Cltat( It]C[ilLi2ta l)) :Illoi\’Jn~I,  IIlclll l{) (tl(msc values from a list O f
s(andard va]ucs in a scro]] box. ‘1’lwtool  liIk(:.. lhc l):~t;l  ])i(’[i(~[l:aly  as ail illpLlt,  souscrs  can SC]CC( a
desired object and gcllcratcJIlcl:id:i(:l  lalxls(, ii. ily. ollIt’r tt)olsca II /I, LII(Iatc  labels fmmTab
separate.cl AS(;l I oulpul  ofasilll]~lc.(i:tt;l):l~(  lllana~f..l  (c. g,. IOXI)I(), 1)11 ASlill),  orasophisticatcd



o

0

0111, l.an~uagc Chccki]){’,  t )1 )1 ~ l;iIIjT,II  I;’,c.  cl]cckin~ (Iclc.cts  cII~)Is it) [I)c usage of 0]11., s u c h

as missing quote marks, it]j’iil](l c :iI ,i( tiIs in IIa JIICS,  otlw.i syJItiix criers, etc.
I Ma l)ictionary  ~hcckiny ‘1’llc I I:J \{ftI (Is arl(i  otliccts used ill 1 )fll<li labels follow certain
lJARIi stanclarcts,  as WC1l  a~ IiIlcs il):cil 1[’d by (lw’l:ilwl dcsi~:tlr] I )a(a l)ictionary  cbccking
(ictcrinincs  wbcn  tbcsc t UICS lI;i\c 1)1.iil 1 I;okctl  by colll])alill~, c.aLII labc] [o the Data
l)ictionaly.

O[hcr tools  inclu~ic a SGMIJI  I’I’MI syIl[:tx (>1 I.’ckcl. ‘1 Ile 1 JARli soflwalc  (ilat  generates browse
tiala also chcds  [he formats of l}w i~}{lIIvL  (l:~’ i<.

I’tow.v.v

h4any tools  ha\’c bum written ((! p] ~N(s  -\ ill I,,,)s (YIx..s  of alclli~rc dii(a tt) ~,c]lc]a(c  browse  data. As
the I) Al{Ii Sys(cm rc]ics on llc.(u’OIk  II w\l(’I t [’II d(’]lVCi inp, ~i:i.ta to (lsc1s, it is ncccssary  to have
t)lowsc  (iata flies as small as possil)i(.  “1 llir~, :l[hiic  dol a aI L’. (oIIvcI Ic{i 10 v:ilious formats sLIcil as
G]];, Pl)li,  JI’l Ki, MI’IK;,  anti QIJi(’t<’l  lhll. itwlt]cl, Iui)(llim sof[v~:it[s caIi process mctada(a to
~:cnc!atc  SGh41./l I’l’Ml. vcrsiol]s 01 {I]t’ l]]~[it[tl[a.

system Architecture

‘I”hc I> Al<Ii systcm  alcllitccturc  is b~sc(i  ()] ;! I. 1]1111 SLVVCI  I]lLKicl. ‘1’his :ilcllll(utll[c  offers tbc following
a(ivan[ascs:

1. [Jscrs can usc existing (icsk(oi)  ((JI]IIIU[(  Is wiiil li(tlc o] tic) ;I(i(ii[ional CXIXNSC  for ilartiwarc or
software.

2. As tbc systcm grows, additional I)Al<]  i S( I VCI ~, call t}e ad(iucf a])ywlwrt on the network.
3. Servers for classificci and unclassill((i  illlol II] \I ion WII be. l)laixxi  011 (ill’lcI(:nt networks.
4, 1,inks (o otbcI (ia(abasc servers :iII(l ;in;il)’sis s\ s(c]lls all ]cliit ivcly  ca~) [o ill]plcmcnt.

I) AI<l{’s technical ai~proacb  is to mtixilili/\ (II. LIs[’ t,f ~OI]j]llCtC]iil  off ‘l’tic  Sllc.lf  (co-]’s) t)ar(iwarc  at)(i

software ami Non-1 )e.vclopn]cntal  ltc IIi (K I )i  I >:JiI\I.  ,iIc. ;i~~; iilab]c tis flc.cwal[ , sl];ilcwarc, or in tbc public
[ion~ain. custom software [icvcloplllc]it  i\ [1 lllli]t]i~[,i an(i is lyl]i(i~lly  WI i([(..ll (() il~(c~,ratc  03’1’S  an(i N])]
software co]ll]mncnts.



adoptd  by l>AR1: al e.: .S(l. S1 in[crfa(cs  1,.JI t],lt[l\(’, c.. aI~lii\(:  st{ )Ia[I,c  drvi(cs; [Ilr. LJNIX o p e r a t i n g

sys[cm for IIJC server; ‘I’(:l’/ 11’ Ilclwo[k j)lol(’ol,” [Il. frc(’ \3’AIS sf (SII{ILILIIC(I  frcld WA IS) search engine
and (Ilc 1 Iypc.r’l’cx( “J’ransfc.r  Protocol [1 1“1’ I I ‘). \Y(: ld \\’i~lc  Wcl)  (WW’\t’ ) I([lltlolop,  ics pmvidc tbc
pOWCJ”fU]  llSCJ’  iI)tCJ”f’NC  and SCIVCI S(11 t\\ ’,1 I I.” ,il):it)  ]I[lcs J[>(][lIJC({  [)Y ] }Al<l

custom Softwal”(!

‘I”hc CUS1OIH  llAl{li  sof[warc builds 1 IY]IC I’I ( kl All ku}~ 1.all~~ua}).c (1 l’l”hfl l,) Im[’,cs for orowsing  data
invcntmics,  fu]]-text indexes and Str 11(’IuI(”(]  Ii(l(l II I(]CXCS  ‘1’tmf.’ 1 l’1’h41  IW)’,(’S IModuccd both at setup
an(i runtimc  arc what makes I)ARli ~lrll[lu(.  A! I [1; 11’1’h41  ~ I)ag(’s  al{:  p,cII[:J  ttl(x{ by custom ]’crl scripts
whi]c (hc undcrlyinr,  WA IS-sf scalcl) c]i))i]l( jI, II II., Itc. s [tic. il](lcxcs,

‘1’hc 11’I’MI.  pages crcatcd by setup at (’ sl.lllc l). :[I,c’. ~Isc(l  foJ kcy  \v(lJ d/\Ialu( srar C1]CS. ‘1’hc 11“1’MI. pages
crcakxl  by runtimc  alc dynamic pages (Is:ti  f 01 ill]  I :cxl iil)(l s[ruclu~cd flcl(l  scawh results as well as the
clisplay of lnvcntory information wlllct]  ii l}) IN t. l)! tkc(i [(l i+llcill~{l)’ illlorlll:tlroll  in (Ilc ~luidc and the
l)ata IIiclionary.  All of these tasks atv ca\il)  at[alf , Iblc dllc  [o t}lc tild(.] lyilly,  s(mcture  of the DARli
labc.ls.  ‘1’hc IIARI; labc]s coLIl(i  also lx ca~]l}  l(M(I(.I  into a 1 )ata~msc  Matlaf’,[n]cl]t  Systcm (IJBMS).

‘J’l]c  l)Al<l~ custom software is com]ms(xi of [ Ill cc :Iiairl sl]t)sys[(’ms:

●

●

●

~;onfigurc:  Prc.pares the I)Al{] s{)l[iia L LII\ II OmIICnI usitl~  UOI1l  Ij\LII  iIIIOII files to iclcntify  data
inventories and supporting infol  IJl~jllor
Setup and Setup Scclucnccr: (~lca[c~  [II $tal:1  kCy\$IC)J(l/\(:I]LIr  ] ]’1’M1 ]m~:cs, WAIS indexes, and
l’crl arrays nccxicd for rLlntilnc  rxc( ~lli(lll St III]) is 1~111 OJJ \i’l Iolc irl\r~’l]l~J1ics  while Setup Scqucnccl
is run when data products ale. a(ldr(l, u~ l:i:itc(  i or CI(:lc[rxl.

Run(i]nc:  llxccwtcs  and summal iz(s \V,I? IS ii<wllcs, (lIslJlays illfol  llla[ioll about a single lnvcntory
or su]q)orlins, information itc.lll~.  ;Il)(l Cl\ II{i IJII.l tll~r taf’,< tlIc dis])lasc(i  l:ilwl.

Figulc 6. ‘1’lIc  I)Al{I; System Arclli[ccl[]t r

Fkarch Modes and [Jsw lIItcr~:tc(

‘1’here arc basically two ways of scal~llill;t

● IIy con(iuctill~,  a full-text scwcll of illl I J/\l<l ]mta(iali{ Cl(lllcnts  (1 J.11:1 l)iclionary,  I)ircctory,
Guide, Inventories).

. By selecting onc mc[adata  CIJNII(JI1 (I)ilfi l)i llonal),  l)irc(tor)’,  (;llid(, IIlvcntory)  as the starting
point of the search.

h’ull-{cxt search of all Mc(adata  lLl~:IIIrrIf\

A fuli-text search will match scarctl wol(i~  ~11(1  ,IT( ]Ire.scr]t ;Illyv)twlr  irl a lallc.1 ill all mcta(iata  clcmcnts.
Wilctl  a ful]-text scarcil is con(iuctcd  II](, 1o11 Iv, JiI~ l)agcs aIL’ cr~<itc(i  l)y [It[ I ~llltilnc  software an(i
[) ICSCIl[C(i to [k! lISCJ  :

1. An 11’1’M1. ful]-text summaly  l)af,(  ‘1’llis  fllli (CX[ su]]]lnalv  ]Mf,( itl(il(alc.s which mctaciata
C]cmc.nts  have ciata  that Inatc]l  {]1(’ s(”al”~ ’ii (’I il ,“ria,  ‘]’t Ic LISCI  caIl  [iIrlI  SC’]CC[ ttlc  ca[cgory  of illtCICS[
by ciicking  on it.
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l;rovidcs  IIlc tillc.
l’mvidcs  the classification.
l’rcscn(s  (hc user with vitwifi~’,  (), {1 IJI’ ~LIr (tic d:tla [~lodu(l  oj~llolls  vary from onc invcn[ory
to another. “1’hc options f~)l ttl~ l)ltolt~  Iflf’cIll<Hy  include Vicu’ill)’,  lllc online or fLlll-resolution
photo and browsing  IIIC :+lctlilc  tiil~L:l(l  y w]lilc [he (lptioll$  fol Illc Iat)]c lnvcntory  include
viewing (hc online  table., dou IIlo:ldlllfg II)c wchi~c  till)lc  :illd l)lowsill~, the archive clircc(ory.
I’rovidcs links to rcla[cd il)iol  Ill{l!ioll  III (hc (illi(lc  aIId l)ilrc[oy.
Provides the  option of disj)l:]}]ll{  111( l~d.

‘1’hc rLmtimc  software links lhc la~’,[t,.l  Ial)i] [) the l)a[a IJi(:(ionaly.

l:igurc  7 shows an cxamp]c  of the 11’J’M 1 [Itl L, layout all(i [;I}),[J,((I  ]abcl ]Ia{I,LLs.

Ngurc 7. ‘1’hc I)ARK [Jscr lntcrfacc

Single Mdadata  IWvncnt Scarctm

WlwtJ a search is s(ar[cd from a mcta(la~{i  ~lrIII:II[ (Il[c.c  dificlc[l[  ly])c.s of sralctics are available:

1. Kc.ywor(i/value scarcll.
2. l:ull-text scalch.
3. S[l Llcturcct  field search.

KrywoId/ValLIc  Search

‘1’hc keyword/value. search pages mc [I,ct I(I a[( (i i~t s. I up (i I Int  by I )at silly, IIIC liilKls and oIgaIliz,ing the

keywords and values in(o IITM1- files. A LIV I IIL~t iit]ni] ial tvi(tl tlw lJAlili (l,Ita  [Ilay s(art  a  scarcll tt)is

W2ty. ‘]’hj S SCNC]I jS a]SO VdLld)]C bCCii  LIS(’  1( ]l[t”\f’111’, []1(’ LIW’1 W’1(11  a]] []1(’. [l(](” S (ll~i( Coll(aill a CCl(al Il

keyword/valLlc combination. Note tllii[  W’Al S s(ati IWS alc llll~i[t;d  IL) a IIlaxi[l]ulll  number of hits and
some. da(a may not bc easily rctricvctl. }:(~1  il~.[:{11(:(  , ill lJA1<l;  tllc lIlaxil~llilll  nulllbcr  of hits for a WAIS
scarcll is set (0 1000. ‘1’hc followil]~,  ])ii[’(’s  iil~ j)[(s~[ltc(l  (() llIc llsc] wllc.11 a l:ty\\foI(l/\’alL]c  scarcll is

Coa(illmxi:

1. An ITJ’MI> keyword list. T]]is 1]s[ i~ II IcIa(liI[iI (IcIIIc.1)1 (lcpuIIdwIt. A ~IscI can SCICCL  a keyword by
clicking on it.

2. An 11’1’M1. list of values for the SCI{C [c.I l.ryi~old,  ‘1 1)( US(! ~all  11](.1] sclrct a value by clicking 011
i(.

3. An 11’1’Ml~  list of (i(lcs for the luyit L)lciI’v;illl, sc,]e(t[xi,  ‘1’lIL IISCI  ctiTI l[l,t~ select a title by clicking
on il.

4. An 11’I’M1-  layout  page as dcscI ilx{f al) )~t.
5. AI I 11’I’M1. taf,gcd labc] as ctcs~tll)(’,1 ;itl.~,t,

Ftlll-’l’cxt  Scarcll
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Figureu 7. The DARE User Interface
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‘1’hc fu]l-(cxl search for an individual ]]1(1~( ,iwa [ILIIICIII 0111s diilcls  flo][t III( all mdadata  clcmcnt  search
in that the summa!y pa?,c is not pIo(l LIc L(i \ltl(l]if lllll-lc  x[sc:{lclli  sc~Jt][i(l(lccitl  lcf(Jll()wi[lglJ agcsarc
crcatcd by (lIC rLlnlilnc  software aIId  l)IL/111(( ,.1 10 [Ii. US(I. IIwsc ]Ia[:cs arc Ill{’ salnc as lhc ones described

[a )Ov(::

1. ‘1’l~c 1 I’1’M1,  [i(lc page,
2. ‘1’hc 1 I’I”MI.  layout  page,
3. ‘IIIc 11’I’M1.  lagged label.

Structured Field Search

A structured fic]d search allows [I]c LISCI [~) s]r.if) ;I value (OI IanF,c  of Val(l(>s ill case of numc.ric  and
date keywords) fm onc or mom kcyi~’ol  (1 \ l{)) a }II\ i.11 sca Icl I, ‘J’IIc kcyw(~Id(  available for sclcc(  ion arc
mctadata  clcmcnt dcpcndcnt.  Wllcll  ii SII IIL:luIt’il fl(ld sealcli is tolldLlctcd,  Itlc same pages dcscrihcd  in
the full-lcxt search arc crcatccl  by ttlc t ~lll[illl  sI. Illi. arc ail(i ]mxcn[c.d  (0 tll[ IISCI.

s u m m a r y

‘]’hc I>AR1i  mctada[a  model and the. s{all(i;{l(i, ~11]]~1~.I1~ctitt(l  ii]lo~+f fC)I c:isy Imr(al)ility  to other s(andards
and indexing sys(cn]s.  l;or cxamp!c, I )Al<l i, ]l~)i~ llsin{’ 11 I’MI , ft)l its t)luJ+w  Iwgcs and display

k formats. With minor changes to tllc. ~od[ LIIrw 11’1311. ]Hiy,c~ co(]ld bc. collitl  [cd to SGMI. when the
conln~uni(y feels ttlat  SGMI. is the s(aI~(l:J(i  t~l Iw ,I(lop( cd.

Ilccause  of (}]c modularity of the IJAI<I ~ sol [,i’:+lc  :i]ld bccal]sc  tl]c IJAI<l i I:IIICIS  arc in AS~ll  format the
current search engine (free WAIS-S[  ) co:ll~,i  tw ll’l Il:iccd wi(ll minw il]llui.(.t [() t}lc. underlying code.
l:urthcrmorc,  IJAI<I; has not sc]cctcd to iIIIIIl~I~I(>.111 d l)llh’lS; I)(lwc.vcl, []1(: SIILICIIII’C of i[S IllCtda[a Wi]l

nlakc it very easy to port to a rcla(io[lat (1. {I; II I. Is:.. .

“’1’hc. IIAIUi dcvc,lopmcnt  staff rcc.o/ll)i~.<\  II)(I tlltl( art a lt)l of ])loccssi}l[’,  SICI)S between sclc.cting  a
data format and making the inforlna(lo]l  i:\itili{l)l( I(I USCIS of tlw I) Al<l; sys~t:im llach time a new type of
data is p]anncd  fol incorporation into 1 )Al<l: a (ii:l II c.nf:Inc.(1  inf p] occss is 1~’quilt.d. l) Lwing this process,
the l)ata lingincc] sc.lccts a data fm Illat  aII(i ~(JI iis \I, ith (Ilc. (Iata ])](~vidr]s aIILi  users to dc[crminc  the
mctadata  rcquircmcnts  for the data. ” }<clli) 15) w’( SIIOII:l! rccom IncIId [IIUI  jxqlc take the time to
design metadata  for ncw data types S!I1(C ~>]ilv  ;: ~,()~d l~lrta(lata  i~lock’.l calI s{ll)lxJ1t  a good retrieval
Systcln.

‘1’hc work dcscribcd  in this paper was (Iiil t i(d ollt I!} the J([ l’ro]mlsiml 1.al)(lla(ot y, ~;alifornia  lnstitutc
Of “1’cchnology,  undc[ a contract wit]l ttlc  Ni\~ IIJIIal ,7c.]oil~[l{ics  aIId S1)iiCC  A(llllirlistrati on. Rcfcrcncc
herein to any spcciflc  commercial ]N(XIUC[, ~) c~.cw, 01 srIvlcc t))’ [Iadc. 1);1111(’, [] adcmark, manufacturer,
or otherwise does [lot constitute 0] itl)l)l} I[\ 1111101 L.(..  IncIII t)>’ tlw (1S. /I,ov(.I [lll)cII( or the Jet l)ropu]sion
I .abol atm y.

Wc would  like (o thank the I) Al<Ii  (i(J(lcI})III.111  s[.~ff - (;til(~!  Millcr,  Kcrvil J llsllc.r, h4ark ‘1’akacs,  Kristy
Kawasaki, l’atrick  h4urpIly,  and ~)sctir  I )1 h!til [’[!(J l“or ttl(.:il  su]~imll  ill u lilill~:  [Ilis paper.
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